mortem examination of the liver revealed a hepatitic picture (see also case''history in answer to Professor Nunn). The fact that liver biopsy studies had not been reported in hepatitis associated with non-halothane anasthesia was hardly surprising, as it merely reflected the acceptance by some physicians that where halothane had not been used, hepatitis might be diagnosed on clinical grounds and liver biopsy be avoided. Dr A J Zuckerman (Department of Microbiology, London School ofHygiene and Tropical Medicine) emphasized the value of radioimmunoassay for detection of Australia antigen. Radioimmunoassay, which combined the specificity of antigenantibody reaction with the sensitivity of radioisotope detection, had provided extremely sensitive assays for Australia antigen. In the present study of postoperative jaundice, Australia antigen was detected by this technique in 12 of the 92 patients so far tested, of which only one was also positive by immunodiffusion.
Dr Zuckerman then referred to unpublished findings (Farrow et al.) that in a preliminary study of sera from patients with viral hepatitis by the autoimmune complement fixation test a proportion of low-titre reactions were obtained with a mitochondrial-rich fraction. Indirect immunofluorescence with rat kidney sections, however, showed only a low incidence (<3%) of specific mitochondrial staining. Professor J P Payne (Research Department of Ancsthetics, Royal College of Surgeons of England) said that for years the profession had been bombarded by a series of badly written, ill-documented and sometimes frankly misleading papers purporting to show that halothane caused jaundice. In consequence anesthetists, particularly in North America, were being forced to make decisions based on medico-legal considerations rather than on clinical judgment. In this connexion anesthetists were surely entitled to expect a greater degree ofresponsibility than had hitherto been displayed by some of their colleagues in other specialties. Furthermore, if the same enthusiasm were applied to an investigation of the iatrogenicmorbidity and mortality caused by hepatic and renal biopsies, the problem ofpostoperative jaundice might be seen in better perspective. Professor Ralph Wright (Royal South Hants Hospital) said that despite their scientific merit, the presentations and discussions had largely been on an anecdotal basis. The problem of the hepatotoxicity of halothane and its mechanism was still largely controversial and, in the absence of clearcut immunological tests to prove sensitization to halothane as a cause of jaundice, it would seem appropriate to conduct a prospective controlled clinical study in which the use of halothane after multiple exposure was compared with another anmsthetic agent in terms of its hepatotoxic effect. 
Clinical and Genetic Aspects of Malignant Hyperpyrexia
In 1960 a girl of 14 died from malignant hyperpyrexia at an operation to correct recurrent dislocation of the patella in Pontefract General Infirmary . After morphine 10 mg and atropine 0.6 mg premedication, she was induced with thiopentone (100 mg of 2.5 % solution), followed by 40 mg suxamethonium. There was normal relaxation, and intubation was easily performed. Anaesthesia was maintained with nitrous oxide 6 litres/min, oxygen 3 litres/min and halothane 1.5%. She developed tachycardia, tachypncea, cyanosis, high temperature (rectal 106°F, 41°C; oral 110°F, 43°C) without sweating, muscle rigidity and cardiac arrest.
Resuscitation failed and death occurred 2i hours after induction.
Following reports by Isaacs & Barlow (1970a) of raised serum creatine phosphokinase (SCPK) among asymptomatic relatives in a hyperpyrexial family, we investigated the family of this girl in 1970.
Methods
The investigations consisted of a detailed medical history and examination and the provision of blood samples for estimating SCPK, aldolase, and electrolytes. The patients were instructed to avoid excessive physical exercise forty-eight hours prior to the collection of blood. The samples were taken with minimum stasis and assays were carried out in fresh serum using ultraviolet methods (Boehringer Corporation, London), the normal values in our laboratory being 0-50 mu/ml.
Results
The SCPK results of this family in Pontefract are summarized over four generations in Fig 1 and Table 1 . The aldolase and serum electrolytes were normal. The sister of the propositus (m,2) was pregnant; her SCPK rose to 438 mu/ml at 38 weeks but further estimations after labour and puerperium (one week) gave values of 381 and 234 mu/ml respectively.
Ancsthetic and Clinical Findings
The father (11,1) has had a herniotomy and a left ankle arthrodesis involving halothane/ suxamethonium anesthesia satisfactorily. Three of the mother's siblings have undergone halothane anmsthesia normally: I1,4, aged 40, for correction of a fractured nose and dental extraction; I1,6, aged 35, for correction of fistula-in-ano; 11,7, aged 41, for appendicectomy and dental extraction. They had normal SCPKs and no abnormalities were found on clinical examination.
The clinical details are summarized in Table 2 . The mother (P F), who is asymptomatic, had a breast abscess incised under thiopentone/nitrous oxide/oxygen/trichloroethylene anesthesia in 1952, and a dental extraction in 1956. She had minimal bilateral weakness of hip flexors.
The propositus (Pa F) had an uneventful tonsillectomy in 1953, under thiopentone, nitrous oxide and oxygen, with ether and trichloroethylene. She had unstable patellb.
A brother (D F) has had two dental extractions, the last in January 1970 when he received methohexitone and halothane. In 1971 he received an uneventful low spinal anesthetic (heavy cinchocaine) for repair of a right inguinal hernia and muscle biopsy. A moderately good weight-lifter for the past six years, he had no symptoms. He had absent ankle-jerks, bulky lateral thigh muscles, with a little associated quadriceps weakness, and unstable patellie.
Sister (J B), who was pregnant and asymptomatic, had received methohexitone and halothane for dental extraction. She had slight weakness of the quadriceps and depression of left kneejerk.
Brother (G F) had had methohexitone/halothane anesthesia for dental extraction. He had unstable patelle and bulky shoulder girdles which were probably pathological. The other members with normal SCPKs were normal on examination except a female cousin (W S, Table 2 ). She had successful general anmsthesia involving halothane for tonsillectomy at the age of 6 and for stitching a perineal tear following a fall at home. She had unstable patelli and a reduced left knee-jerk.
Members of other affected families were examined (Table 2 ). Nos. 9-12 belonged to one family. No orthopedic abnormalities were detected but patchy areflexia and muscle weakness were found.
Discussion
The propositus showed some features in common with other reported cases. She was young and undergoing a minor orthopedic operation. There was normal relaxation with suxamethonium. She showed the explosive rise in temperature 20 minutes after induction, when an oral temperature of 1 10°F (43°C) without sweating had been reached. This did not fall despite active cooling with ice packs and sponging. She developed rigidity which was a muscle contracture and not tetany. She had had successful anasthesia for tonsillectomy in 1953, emphasizing that a previously successful anasthesia gives no guarantee that fatal hyperpyrexia will not occur in future.
Malignant hyperpyrexia has been shown to be inherited as an autosomal dominant trait with reduced penetrance and variable expressivity in man (Britt et al. 1969 ) and in pigs (Hall et al. 1966 an autosomal dominant. Raised enzyme levels occur in three generations in both sexes. The normal findings in the mother's siblings suggest that she could be a new mutation. One would not know this for certain without testing the grandfather (1,1) who died of natural causes at 82. Larard et al. (1972) have shown that parents with normal SCPKs may have children with raised SCPK. Apart from 3 children untested, parents with normal SCPK have had normal children.
Our findings suggest an underlying myopathy in malignant hyperpyrexia, as evidenced by the raised SCPKs, minimal physical signs consistent with a mild myopathy, and histological evidence of myopathy in 5 members. Such a close link between malignant hyperpyrexia and myopathy, commented on by the Lancet (1970), has also been noted by Isaacs & Barlow (1970a) , Steers et al. (1970) , Denborough et al. (1962) , Denborough et aL (1970) and Ellis et al. (1971) . The impressive clinical feature is the asymptomatic nature of the myopathy. Affected members had no symptoms attributable to a myopathy; they had minimum physical signs which in themselves would not suggest that they may be at risk.
For example (D F, Table 2 ) was the first member whose muscles showed myopathy on histology, and reacted abnormally to halothane (Ellis et al. 1971) . The history and clinical findings in the Pontefract family suggest that patients with orthopedic abnormalities may be at risk. This was not seen in the members of other families reported in Table 2 . D F, whose muscles reacted abnormally to halothane, nevertheless had successful methohexitone/halothane anesthesia for dental extraction. The absence of a reaction may have been due to too short a period of administration or perhaps to insufficient halothane concentration. No patient who has had less than ten minutes of general anesthesia has died (Britt & Kalow 1970) .
In affected families a raised SCPK has been used to detect those who may be susceptible (Isaacs & Barlow 1970a, b; Denborough et al. 1970) . In susceptible pigs Hall et al. (1970) have shown that SCPK in the unanesthetized animal gives a good prediction for the development of muscle contracture following induction with halothane and the use of suxamethonium. The history of death induced by aniesthesia made us use a local technique for a brother (D F) with a raised SCPK whose muscles subsequently reacted to halothane. However, a raised SCPK alone lacks specificity as an indicator of malignant hyperpyrexia:
(1) High values occur in many conditions without hyperpyrexia, e.g. muscular dystrophy, dystrophia myotonica, childbirth, cerebrovascular disease, thrombosis, gangrene, physical exercise.
(2) Patient No. 9 (C S, Table 2) , with histological evidence of myopathy, developed contracture with halothane but had a normal SCPK. Patient No. 12 (D B) had a raised SCPK apparently related to cerebral diplegia but no myopathy.
(3) Myopathic patients with high SCPKs have received general aniesthesia involving halothane successfully.
(4) The family of a fatal hyperthermia patient showed normal SCPKs (Reske-Nielsen & Kratholm 1971) .
No patient with raised SCPK should be given a general anxsthetic involving the known 'trigger agents' unless there is an obvious explanation for the high enzyme level. Susceptibility to malignant hyperpyrexia should be excluded by full clinical examination together with a motor point muscle biopsy (Harriman 1961) 
Histopathological and Neurophannacological Aspects of Malignant Hyperpyrexia
The symptomless brother of a girl who died from malignant hyperpyrexia had a raised SCPK and some myopathic signs. Biopsy of the vastus medialis muscle was performed under local anesthesia and histology revealed a myopathy, and both halothane and methoxyflurane produced muscle contracture in vitro (Ellis et al. 1971) . These pharmacological results were so different from control responses that we thought our findings could represent a more specific test of the susceptibility to malignant hyperpyrexia than serum enzyme estimations. Methods: Seven patients from four families underwent muscle biopsy under local anmsthesia, with parenteral sedation produced by diazepam or promethazine. Nitrous oxide was used in 2 children. Table 1 shows the relationship of the patients to a deceased malignant hyperpyrexia victim -Case 4 is a survivor. All except Case 7, a volunteer, had raised SCPK activities before referral but Cases 5 and 6 had normal SCPK levels for our laboratory. Only Case 6 had neurological symptoms and these were ascribed to cerebral diplegia.
During the biopsy the motor point was identified (Harriman 1961 ) so that the muscle specimens would include the motor end-plate region. Muscle for pharmacological testing was kept in Krebs solution gassed with 5 % CO2 in 02 until assembled in a tissue bath kept at 37°C. Halothane (0.5-4 %) was added to the gas mixture and other drugs were added to the Krebs perfusate. Muscle contracture was detected by a transducer and recorded. The effects of procaine HCl (3.87 and 1.94 mmol) and caffeine citrate (2-8 mmol) on the contracture were also studied. Results: Although neurological signs attributable to myopathy were minimal, 5 patients had histological evidence of myopathy which varied, but included central migration of nuclei, nuclear clumping and increased variation in muscle fibre size. Some type 1 fibres appeared moth-eaten and in several specimens a proportion of these fibres were reduced in size with mitochondrial clumping and glycogen deficiency. Motor end-plates were little affected but a reduction in synaptic vesicles in a nerve terminal was seen in one patient and elaboration of some end-plates in another.
Muscle contracture was produced in vitro by halothane alone (Cases 1, 2, 4 and 5) and halothane and suxamethonium in combination (Case 3). These are the patients who had positive evi-
